Bibliometricians have long recurred to citation counts to measure the impact of publications on the advancement of science. However, since the earliest days of the field, some scholars have questioned whether all citations should value the same, and have gone on to weight them by a variety of factors. However sophisticated the operationalization of the measures, the methodologies used in weighting citations still present limits in their underlying assumptions. This work takes an alternate approach to resolving the underlying problem: the proposal is to value citations by the impact of the citing articles. As well as conceptualizing a new indicator of impact, the work illustrates its application to the 2004-2012 Italian scientific production indexed in the WoS. The new indicator appears highly correlated to traditional field normalized citations, however the shifts observed between the two measures are frequent and the number of outliers not at all negligible. Moreover, the new indicator seems to show greater "sensitivity" when used in identification of the top-cited papers.
Introduction
When the first bibliometricians began exploring the possibilities of metrics in the area of library sciences and established the foundations of what would become scientometrics, they could only draw on rudimentary instruments of computerization. However, they did not lack for pioneering intellectual fervor. The practices that we now take for granted evolved rapidly, following the first timid steps. Those of us who entered this realm of science only this century could already draw on the advantages of much more powerful technologies, and the accumulated knowledge of those who had preceded us. The disadvantage for more creative souls has become that we operate in the context of consolidated scientific paradigms, which channel thought and make the opportunity of any groundbreaking shift difficult and improbable. For many, our destiny is to contribute to an incremental kind of scientific progress, while the heart still aspires to achieve some indelible imprint of creative disruption, giving life to a new paradigm. What the current authors envy about the fathers of scientometrics is the headiness and excitement of creating an entirely new scientific discipline, and the infinity of research questions offered by an unexplored field. Today it seems almost impossible to raise questions that haven't already been addressed by those that preceded us. In the best of cases it seems we can only aspire to offer more complete or somewhat different answers, thanks to the more powerful tools available, or to apply the existing solutions to different contexts.
A question that assails us for some years offers a case in point: Why is it that we generally assign the same value to citations (of the same year and field)? In other words, why are x citations always and in all cases worth more than x-1? For bibliometricians, the count of citations received by the knowledge encoded in a publication is a proxy of its future impact on scientific/technical progress, and (once directly or indirectly incorporated in a technology) on economic-social progress. Let us assume that a scientific discovery (encoded in a publication) leads to two other discoveries (publications), of which one provides the basis for a new active substance in a body lotion, and the other the basis for a life saving pharmaceutical. Do the two publications citing the first one have the same value? Or is the second one more valuable, given the consequential difference in social impact?
Recalling our opening remarks, it comes as no surprise that others before us would have posed this exact same question. What does seem surprising is that the problem would have been spelled out as long as 40 years ago, specifically by Manfred Kochen (1974) , a scholar in information and behavioral sciences, operating in what were still the earliest years of our discipline. Not only did Kochen raise the question, he also suggested a solution: "counting a reference from a more prestigious journal more heavily". Two years later, Pinski and Narin (1976) proposed the first iterative algorithm to operationalize the solution. Cronin (1984) and Davis (2008) also held that the weight of citations should be differentiated to reflect the prestige of citing journals. With the progress of information technologies, ever more sophisticated algorithms were developed (Liebowitz and Palmer, 1984; Laband and Piette, 1994; Kalaitzidakis, Stengos, and Mamuneas, 2003; Bollen and Van de Sompel, 2006; Kalaitzidakis, Mamuneas, and Stengos, 2011) . In 2007 Karl Bergstrom and Javin West, of the University of Washington, co-founded "The Eigenfactor ® Project", aimed at applying network analysis to map the structures of research and assist scholars in navigating the scientific literature. Within The Eigenfactor ® Project, and along the scientific paradigm initiated by Kochen (1974) , Carl Bergstrom, Javin West and their colleagues have conceived the Eigenfactor TM score to rate the importance of scientific journals (Bergstrom, 2007; West et al., 2010) .
1 In Carl Bergstrom's own words: "This iterative ranking scheme, which we call Eigenfactor, accounts for the fact that a single citation from a high quality journal may be more valuable than multiple citations from peripheral publications" (Bergstrom, 2007 ). The Eigenfactor TM score then embeds weighted citations. Several years later, the Scimago research group developed its own iterative algorithm, based on citations weighted by the visibility of the citing journal. The algorithm was applied to rank journals, in the form of the Scimago Journal Rank or SJR (González-Pereira, Guerrero-Bote, & Moya-Anegón, 2010). Soon after this, Guerrero-Bote & Moya-Anegón (2012) developed a more sophisticated variant of the SJR, known as SJR2.
The "higher order" evaluation method, originally conceived by Pinski and Narin (1976) for ranking journals, has more recently been applied for a series of purposes, thus ranking: individual publications (Chen et al., 2007; Walker et al., 2007; Ma et al., 2008; Yan and Ding, 2010) ; authors (Fiala et al., 2008; Ding et al., 2009; Radicchi et al., 2009; Ding, 2011; Fiala, 2011; Fiala, 2012b; Fiala, 2013a; Nykl et al., 2014) ; departments and institutions (Fiala, 2013b; Fiala, 2014; Yan, 2014) ; countries (Ma et al., 2008; Fiala, 2012a) ; an integration of publications, journals, and authors ; a mixture of the preceding entities (West et al., 2013) . Over the course of decades, the original concept at the basis of the weighted citation count rating for journals has thus gradually been translated to rating authors, institutions, countries and more. In West et al.'s (2013) own words, regarding the Eigenfactor TM score adapted to rate authors: "The Eigenfactor TM score can be viewed as a form of weighted citation count where the weights reflect the prestige of the citing authors".
In 2004 the current authors co-founded the National Research Council of Italy and University of Rome "Tor Vergata" joint "Laboratory for Studies on Research and Technology Transfer", since renamed the "Laboratory for Studies in Research Evaluation". Our aim was mainly to provide policy makers and the management of research organizations with diagnostic tools and performance indicators, for assessment of scientific strengths and weaknesses at the national and institutional levels. We have now spent a number of years applying our citation-based indicator, Fractional Scientific Strength (FSS) (Abramo & D'Angelo, 2014) , to measure the scientific performance of individuals and organizations at field and discipline levels. FSS is a size-independent citation-based indicator based on the ratio of outcome to input, which differs substantially from widely used "per publication" citation-based indicators (Abramo & D'Angelo, 2016a; 2016b) , such as the well known Mean Normalized Citation Score (MNCS) (Waltman et al., 2011) . Given our professional aims and activities, it was no wonder that the question as to whether citations have different values soon sprang to mind.
What then is the reason that we now wish to address such a question in this manuscript, particularly since the answer and its various operationalizations have already been available in the literature, in some cases for many years? The problem is that we are not conceptually satisfied with the solutions provided. Please note that, in our view citation is the natural indicator of impact, as it certifies the use of the cited publication towards the scientific advancement encoded in the citing publication. This position derives from the Mertonian or normative theory (Merton, 1973) , according to which scientists cite papers to recognize their influence, being aware that exceptions (uncitedness, undercitation, and overcitation) occur. Our work is based on such assumption and does not in any way put into question that citations are the indicator to be used to evaluate the impact of a publication or at least, "scholarly impact" of a publication. We are unsatisfied with the solutions provided, for two fundamental reasons. We return to the above case of the scientific discovery (publication A) which leads to two further discoveries (publications B and C), where B gives rise to a new active substance in a body lotion and C gives rise to a life saving pharmaceutical, and then the question as to whether the citation by C should have greater weight, given the different social impact that it originates. Since the time of Kochen (1974) , the paradigm guiding the development of iterative algorithms provides that: i) a weight must be assigned to the citations; ii) the weight depends on the influence of the citing journal. Instead, we think that: i) it would be more correct to value a citation in function of the impact of the citing article, rather than the journal (it is the greater number of citations which C would presumably receive that reflects the differential impact, rather than the prestige of the journal in which it is published); ii) the value of the citing article should not be entirely transferred to the citing publication, but only in such measure that two citations cannot count less than one, whatever the relative value of the various citing articles.
In support of our first objection, we recall that weighting a citation by the influence of the citing journal is in conflict with what we know about measuring the impact of a publication. The 2013 San Francisco Declaration on Research Assessment (DORA) recommends 2 against using the journal impact factor (IF) as a substitute measure of the quality of individual research articles, and states that such practices create biases and inaccuracies when appraising scientific research. Exceptions may be considered only for very young articles. The combination of journal with citation metrics has in fact been recommended only for zero or one-year citation windows (Levitt & Thelwall, 2011) , and for a two-year window in the case of papers in mathematics (with weaker justification in biology and earth sciences), because of the characteristic inertia of these disciplines regarding the early stages of accruing citations. Confirming Levitt and Thelwall (2011) , in the social sciences, the IF is seen to improve the correlation between predicted and actual ranks by citation only when applied in the "zero" year of publication and up to one year afterwards (Stern, 2014) . For citation time windows above two years, citation shows a stronger predictive power than the IF alone (Abramo, D'Angelo & Di Costa, 2010) , or an a priori combination of citation and IF (Abramo & D'Angelo, 2016c) . The appropriate combinations of citation and IF per scientific field and citation time window have been further provided by Abramo, D'Angelo and Felici (2017) . Finally, we must also recall that some citations inevitably originate from publications that remain unrated in terms of IF or the like.
For this, we would prefer to value a citation by the field-normalized citations accumulated by the citing article. Put simply, two citing articles with different fieldnormalized citations would determine a measurement of (predicted) impact of the cited article different from the simple tally of citations (i.e. 2), and likely different from that derived from IF-weighted citations (although a certain correlation is to be expected).
By the same reasoning, we have problems with the adaptation of the Eigenfactor TM score to rank authors, institutions, and nations, whereby the weights reflect respectively the prestige of the citing authors, institutions, and nations. In our view, the weights should reflect the "importance" of the citing articles rather than that of the citing authors, institutions, and nations. Because it is the final impact of the new knowledge produced that scientometricians want to measure, and that determines the scientific "importance" of authors, institutions, and nations. Although a certain correlation is to be expected in the final outcomes, there is a nuanced yet substantial conceptual difference between the two approaches. The impact of the new knowledge produced should be evaluated through the citation network of the publication at stake, where the nodes are represented by the citing publications only, and not by other "surrogate entities".
As for our second objection, we hold that however high the impact of a citing article may be, its height should not be directly transferred to the cited publication, as happens when citations are weighted accordingly. It is known that many cited references will offer no direct contribution to the new knowledge encoded in the citing article (towards the new publication concerning the life saving pharmaceutical, for example). Those very few references that do make substantial contribution are themselves likely to be cited in manner proportional to their relevance. Therefore, we propose that the value of the citing article should not be entirely transferred to the citing publication, but only in such measure that two citations cannot count less than one.
In this work we provide conceptual and operative illustrations of our approach to valuing citations, which we apply to the Italian WoS-indexed publications from the 2004-2012 period. We then compare the results with those obtained from the application of the traditional method. Sections 2 and 3 present the conceptual framework and the operative method of measurement. Section 4 illustrates the results from the application and comparisons. Section 5 provides our concluding remarks.
Conceptual framework
Scientific progress and the literature in which it is encoded evolve in a network system (Figure 1) , consisting of nodes (publications) interconnected by edges ("citingcited relations"). Every publication contains a reference list, meaning that it cites other publications, and in turn is usually cited by other publications that insert it in their own reference lists. Such relations are temporally linked, since a cited publication can never be antecedent to a citing publication. Traditionally, the measurement of the impact of a publication requires counting the citations it receives and then standardizing them in function of both the reference scientific domain and the "age" of the publication. However this procedure ignores the fact that scholarly references join together in a vast network of citations, in which each citing publication is itself more or less cited. We take the case indicated in Figure 2 , where two publications ( and ) are issued on the same date and belong to the same scientific domain. Within a given citation time window, both of these receive three citations:  from publications A, B and C;  from D, E and F (Level 1). At the next higher level (Level 2), within the same citation window, we see that A, B and C have in turn received only one citation and that all of these are from the same publication (a), while D, E and F are respectively cited by three (a; b; c), three (D; d; e) and one publication (f). We can also see that publication D belongs both to citing Level 1, since it cites , and to citing Level 2, since it cites E, which in turn cites . The figure shows the partition of the overall network, concerning two and only two levels. Limiting ourselves to observing just one level (Level 1) we can only note that  and  receive the same number of citations, and consequently, we would conclude that Better late than never? On the chance to become highly cited only beyond the standard bibliometric time horizon. Scientometrics, 58(3), 571-586. they show no difference in impact. However, in broadening the observation to the higher level citational network (Level 2), we observe that while articles (A, B and C) citing  have had an impact limited to a single work (a), those (D, E and F) that cited  have had an impact on seven different works. Note that D belongs to both the level 1 (it cites ) and the level 2 (it cites E which cites ). Publications a,b,…f could obviously in turn be cited by other publications at Level 3, and so on. Clearly then, the more levels of the network we are able to observe, the richer would be the dataset on which we could base the evaluation of the impact of publications  and  and the more precise would be the relative measure. On the other hand, the more we ascend the chain of levels, the more we restrict the time window for the citing publications (in turn rendering the use of early citations as proxy of impact ever less accurate), and the greater become the computational complexities. Also, and much more important, in practical applications the decision-maker typically requires evaluation of performance in the near term (timeliness in research assessment), meaning with quite short citation time windows: conditions under which analysis above Level 2 would lack precision and be poorly representative. For this reason, as well as for simplicity in demonstration in the current work, we will limit our observations to what happens in changing over from the traditional measure of publication impact (simple citations count -Level 1), to a measure that considers the citations of the citing publications (Level 2), all within the same citation time window.
Method
Traditionally, the impact of a publication is measured by tallying citations. Since citation behavior varies across fields, accumulated citations are evidently a function of the "quality" of the cited publication and of citation time window, but also of the field to which the publication belongs. To avoid distortions in the comparisons, bibliometricians normalize the citations by a scaling factor (obtaining the so called field normalized citation score, FNCS). We adopt the average of the distribution of citations received for all cited publications of the same year and subject category ( . 3 Carrying out this normalization, we obtain the field-normalized citation score:
where N is the number of citing publications.
[1] Referring to Figure 2 , the traditional method of measuring the impact of  and  would observe only Level 1, and conclude that the publication with highest value of is that with the greatest impact. In this case, having both received three citations and being works published on the same date and belonging to the same scientific domain (same ),  and  would present the same impact. The method we propose would instead extend the observation to the next levels (in the case of Figure 2 , to Level 2). What we wish to do is take account of the fact that each of the N publications citing  and  in turn receives a number of citations, on the basis of which we could differentiate the contribution of each of these in determining the impact of  and . The point becomes how to differentiate the contribution. In determining this, our underlying rationale is that the differentiated contribution of each citing publication must be proportional to its own impact, but at the same time neither penalize the cited one (in the case that the citing publication is not cited itself), nor excessively reward it (in the case that the citing publication is very highly cited): both of these being cases that would arise through weighting (which implies a multiplication). Therefore, the method of valuing the citing publications must respect the condition that the two citing publications (even if uncited) cannot count less than one (even if highly cited). Moreover, given the high skewness of citational distributions we assume an exponential model; the new indicator proposed to account for the different contribution of citing publications is , which we measure as follows:
[2] with [3] where N is the number of citing publications; is the number of citations received by the citing publication i; and is the maximum of the distribution of citations received by all cited publications of the same year and subject category (SC). The new indicator can assume values between N (in the case that none of the citing publications is in turn cited) and 2N (in the case that all the citing publications are the highest cited among those of the same year and SC).
The parameter  must be determined on the basis of a convention: in this case, such convention can only be based on empirical data available to the authors, i.e. Italian publications indexed in WoS over the period 2004-2012 (if world baselines were available they would certainly be used). Given the citation distribution of such publications for each year and SC, we extract the median and maximum of the said distributions and calculate their ratio. The average of such ratios results in 0.05, from which we impose that: when the number of citations received by the citing publication equals 5% of the maximum of the relative reference distribution, the impact of the citing publication on the citing one must be 1.5.
From this it descends that:
(e = Euler's constant, 2.7182818284590) Note that, in choosing to average median to max citational ratios for having one and only one for all subject categories, we are assuming that the contribution of citing publications must be domain independent. Furthermore, the max value recorded in citational distributions is an outlier by definition, so it seems meaningless to use different  for different subject categories, given the instability of the denominator of such ratios. Figure 3 shows the empirical curve in function of the "gain", or . The value of calculated using [2] is obviously also influenced by the field and citation time window, exactly as for N. Therefore we must again carry out the rescaling of with respect to the expected value, referred to the distribution of publications for the same year and SC. We thus arrive at the field-normalized indicator :
[4] in which is given by the average of the values of referred to all the publications of the same year and SC. 4 The extension of the method to other citing levels beyond 2 is conceptually straightforward, although operationally more complicated.
Application to 2004-2012 Italian publications
We apply the new indicator to analyze the dataset consisting of the WoS Italian Citation Report, extracted from the 2004-2012 WoS Core Collection by imposing the word "Italy" in searching the authors' affiliations. Citations are observed as of 31/12/2014, giving a citation time window broad enough to assure robustness of citations as a proxy of impact (Abramo, Cicero, & D'Angelo 2011) . Again for reasons of significance, in terms of citations as a proxy of impact, we exclude the publications in the SCs pertaining to "Art and Humanities". Finally, the analysis excludes non-cited publications, since these present nil impact independent of the indicator used. The final 4 For more effective scaling of (and also for scaling of ) the calculation excludes the publications with nil values of . In addition, while calculation of considers all world-wide publications, for the world-wide distribution of is unavailable. In the elaborations that follow, this means that for the authors are obligated to use the distributions referred to Italian scientific production. We note that the aim of the current work is to illustrate the conceptual proposal and the method of measurement: the results from applying the method can vary according the conventions adopted and the specific context.  measuring the level of convergence between the distributions deriving from the two indicators, and the extent and kinds of shifts in specific situations;  illustrating some statistical characteristics of the indicators -in particular, through the variation coefficient, we examine their capacity to capture significant differences in impact between publications;  comparing the right tails of the two distributions, to verify whether the top-cited publications under one indicator remain top-cited under the second indicator. We begin with two publications in Hematology from year 2012: Table 1 presents the relative bibliographic references and the values for our two indicators. The first publication received 12 citations, 5 compared to an average of 11.87 for publications in the same year and SC. Given this, the observed value of is just more than one (1.012). The second publication received less citations (10), from which we have a value of 0.842 for , however the citing publications are in turn more cited than those citing the other publication: the values for the indicator are thus observed as 0.743 for the first publication compared to 0.919 for the second. In substance the first publication shows higher impact than the second if measured by , lower if measured by . Underlying this observation are the facts that the 12 publications citing the first one have in turn accumulated 19 citations, while the 10 works citing the second had had gathered a full 65 citations. As a further example we consider four publications from 2011 in Engineering, mechanical, indicated in Table 2 . Having all received the same number of citations (21), they all show an identical value of , at 2.974: in other words almost three times the world-wide average for 2011 publications in Engineering, mechanical. Still, considering the impact of the citing articles, we observe important differences: in the last column of the table we see that the values of vary from a minimum of 2.413 for the first article to a maximum of 4.227 for the last. Once again the variance in is explained by the variance of the citations received for the citing articles. The first publication is in fact cited by publications that in turn receive only 14 citations, against 50 for the second article and 215 and 194 for the third and fourth, respectively. However, we also see that in spite of the differential between the third and fourth, the latter still exceeds the third in terms of , given the normalizations involved in the indicator (concerning year and SC of each citing work). Figure 4 shows the dispersion of values for the two indicators and , for all Italian publications in Transportation in the year 2012. As expected, the correlation between the two indicators is clearly high: the R-squared regression is greater than 0.92, although we can see that some publications depart from the plot, particularly in the central part of the diagram. We have repeated the regression analysis for the dispersion of data for all SCs in all years. For reasons of space we show further examples of only 11 SCs: as a criterion for selection, the examples we show are the SCs with the largest number of publications, from each macro-area. 6 The results of the regression analyses, divided by year, are shown in Table 3 . In no case do we observe an R-squared less than 0.9, confirming the high convergence of the measures using the two indicators. The comparison between the variation coefficients for the distributions of the indicators is a valid aid in understanding which is better able at capturing significant 6 Our assignment of SCs to macro-areas (Mathematics; Physics; Chemistry; Earth and Space Sciences; Biology; Biomedical Research; Psychology; Clinical Medicine; Engineering; Economics; Law, political and social sciences) follows a pattern previously published in the ISI Journal Citation Reports website, although this information is no longer available through the Clarivate web portal. There are no cases where an SC is assigned to more than one macro-area. Considering all the years and extending the analysis to all SCs with at least 30 publications in each year, the share of SCs where variability of is greater than that for is never less than 75%, and this share tends to increase with decreasing citation time window, as seen in Figure 7 . These results indicate that serves better in discriminating the differences in impact between publications, and that this greater capacity increases as the citation time window decreases. The analysis of the so-called highly cited articles (HCAs) offers important clues, since it deals with the outliers of the citational distributions, meaning publications of very high impact, therefore generally objects of great interest. In particular, we can quantify the cases of publications that are top ranked on the basis of one indicator but not "top" under the other indicator. In general, defining top publications as those above the 90th percentile for the reference indicator, we observe that 13.5% defined as such for the distribution are not top for , and vice versa, 13.5% of those that are top for are not so for . Restricting the analysis to the top 5% of the distribution, the latter percentage rises to 15.6%, and finally considering the top 1%, to 17.0%. Apart from the generally high correlation between the two distributions, the right tail thus seems to be more influenced by the change in indicator. 7 As previously noted, in calculating we can consider all world-wide publications, while for the lack of world-wide distributions of requires the resort to distributions referring only to the population under examination (in our case, Italian scientific production). We also ask whether in identifying the works of greatest impact, the two indicators give rise to polarized results on certain subject categories. Once we have defined the threshold value for qualifying the top works, for example at 90%, the expected percentage of top cited papers would be around 10% in each SC, for both indicators. The questions are thus whether the two indicators are capable of respecting this share, and which shows the least fluctuations. Figure 9 presents the results of such analyses, diagramming the incidence of top publications in the SCs (with at least 30 publications) for 2008. We observe that the percentages fluctuate around the benchmark value (10%), but that the fluctuations are clearly greater for indicator than for . Table 4 provides the descriptive statistics for these analyses extended to all the years: the average shift around the benchmark value of 10% is greater for than for in almost all years (exceptions in only 2009 and 2010). Still, observing the min-max variability, we can clearly see that using leads to distributions of top-cited papers that are highly polarized, in the way of SCs without top papers and others where the share of top papers arrives at the extreme of almost half of total (47.9% in 2005) . Overall, the variability of the shifts measured by standard deviation is always greater for than for , and almost always double. 
Conclusions
The field of bibliometric research has matured remarkably over the course of decades, meaning that scholars now deal with ever more precise questions. However, the authors remain troubled by a key paradigm, under which X citations are always more than X-1, other conditions (field and citation time window) being equal. The assumption involved is that the citations received by a publication all have the same value, when in reality some of the citing publications would clearly have impacts different than others. The question becomes how such a flawed assumption could be set aside, making way for a new paradigm. The identification of this challenge is not at all new, given that first mention dates to more than 40 years ago. However the scholars that have taken up the task have offered solutions that are not fully convincing, in which the citations received are weighted on the basis of an indirect measure of their real impact. We therefore propose a new indicator that values citations by the impact of the citing publications. In the present article we have applied this indicator to the dataset of 2004-2012 Italian WoS publications and carried out comparisons with the traditional indicator based on simple citation counting. The new indicator shows evident advantages, particularly in terms of greater capacity to detect significant differences in impact between publications. Moreover, this greater capacity increases still further with the reduction of the citation time window: a difference that becomes particularly important in applied cases, such as in national research assessment exercises, which for practical reasons generally require a short citation time window. The same advantage would hold true over all citationbased indicators involving a short citation time window, such as those relying on journal impact factor and the like.
The high level of correlation between the distributions attests in every case to convergence between the measures as obtained under the two indicators. This does not imply that the new indicator is superfluous. In absence of an absolute benchmark defining a real measure of impact, where the necessary data are available at a reasonable cost, the more complex "proxy" should be preferred since it is more precise on the basis of theoretical arguments. Moreover, the shifts observed between the two measures are frequent and not at all negligible. An observation of particular importance is that the new indicator seems to show greater "sensitivity" when used in identification of the topcited papers.
In terms of future developments, different conventions and different contextual conditions can be explored; interesting above all would be recursive procedures capable of accounting for the overall citation network of publications in the reference time window, thus arriving at results equivalent to the "page ranks" of common search engines. A further area of in-depth methodological analysis would concern the document types of the publications: it could be that different document types would require different valuing or scaling. For example, knowing that reviews are on average more cited than research articles, it would be important to empirically measure the advantages to a publication cited by a review, compared to one that is not.
Finally, according to economic theory, the socio-economic returns on research spending depend not only on the degree of diffusion of the resulting knowledge, but also on the rapidity of diffusion. Therefore, all else equal, a citation accrued at time t should be more valuable than a citation at time t+1. Given this, we intend to also explore the possibility of valuing citations in a manner that accounts for the time elapsed between the dates of publication of the citing articles and the cited ones.
